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STUDIES RELATED TO WILDERNESS
Bureau of Land Management Wilderness Study Area

The Federal Land Policy and Management Act (Public Law 94-579, October 21, 1976) requires the U.S.
Geological Survey and the U.S. Bureau of Mines to conduct mineral surveys on certain areas to determine the
mineral values, if any, that may be present. Results must be made available to the public and be submitted to
the President and the Congress. This report presents the results of a mineral survey of the Upper West Little
Owyhee Wilderness Study Area (OR-003-173), Malheur County, Oregon.
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MINERAL RESOURCES OF WILDERNESS STUDY AREAS:
OWYHEE RIVER REGION, IDAHO AND NEVADA

Mineral Resources of the Upper West
Little Owyhee Wilderness Study Area,

Malheur County, Oregon

By James G. Evans, Robert L. Turner, Donald Plouff, and Don L. Sawatzky

U.S. Geological Survey

J. Mitchell Linne
U.S. Bureau of Mines

SUMMARY

Abstract

At the request of the Bureau of Land Management, the Upper
West Little Owyhee Wilderness Study Area and adjacent areas,
totaling approximately 62,500 acres, were evaluated for mineral
resources and mineral resource potential. Throughout this
report, “wilderness study area” and “study area” refer to the
62,500 acres for which mineral surveys were requested. The
U.S. Geological Survey and the U.S. Bureau of Mines conducted
geological, geophysical, and geochemical surveys to assess the
identified mineral resources (known) and mineral resource
potential (undiscovered) of the study area. Field work for this
report was carried out in 1984 and 1985. No mines, significant
prospects, or mining claims are located inside the study area, and
no mineral resources were identified. The western part of the
study area has low potential for mercury and the central part has
low potential for mercury and silver. The entire study area has
low potential for oil and gas. The study area has no potential for
geothermal resources.

Character and Setting

The Upper West Little Owyhee Wilderness Study Area is
located on the Owyhee Plateau, 12 mi northeast of McDermitt,
Nevada (fig. 1). The area has a total relief of 1,450 ft and con-
sists of broad flat areas and rolling hills cut by canyons incised
to depths of 400 ft. The area is underlain by flat-lying vol-
canic, pyroclastic, and sedimentary rocks of middle Miocene

Publication authorized by the Director, U.S. Geological Survey, March 15, 1988.

through Holocene age (fig. 2) (see appendixes for geologic
time chart). The Swisher Mountain Tuff is the oldest and most
abundant rock unit in the study area. Basalt overlies the
Swisher Mountain Tuff and forms low, rounded buttes that are
probably remnants of shield volcanoes. One steep, arcuate
fault offsets basalt against Swisher Mountain Tuff in the
northern part of the study area.

Identified Mineral Resources

No identified mineral resources were classified in the study
area. Although zeolite of the heulandite group was found ina
tuff bed, the volume of the tuff is too small for the occurrence
to constitute an identified resource.

Mineral Resource Potential

The western part of the Upper West Little Owyhee Wilder-
ness Study Area has low mineral resource potential for mer-
cury (fig. 2). The central part of the study area has a low
potential for silver and mercury resources. These metals are
associated with zones of possible weak epithermal alteration
on the west flank of the Horse Hill basalt vent and the east
flank of the Summit 6518 basalt vent. The entire study area
has low potential for oil and gas resources. The study area has
no potential for geothermal resources.

INTRODUCTION

This mineral survey was requested by the U.S. Bureau of
Land Management and is a joint effort by the U.S. Geological
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Survey and U.S. Bureau of Mines. An introduction to the
wildemness review process, mineral survey methods, and agen-
¢y responsibilities is provided by Beikman and others (1983).
The U.S. Bureau of Mines (USBM) evaluates identified
resources at individual mines and known mineralized areas by
collecting data on current and past mining activities and
through field examination of mines, prospects, claims, and
mineralized areas. Identified resources are classified accord-
ing to the system described by U.S. Bureau of Mines and U.S.
Geological Survey (1980). Studies by the U.S. Geological Sur-
vey (USGS) are designed to provide a reasonable scientific
basis for assessing the potential for undiscovered mineral
resources by determining geologic units and structures, pos-
sible environments of mineral deposition, presence of
geochemical and geophysical anomalies, and applicable ore-
deposit models. Mineral assessment methods and terminol-
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ogy as they apply to these surveys are discussed by Goudarzi
(1984). See appendixes for definition of levels of mineral
resource potential, certainty of assessment, and classification
of identified resources.

Area Description

The Upper West Little Owyhee Wilderness Study Area
(OR-003-173) covers approximately 62,500 acres along the
West Little Owyhee River and Big Antelope Creek and ad-
jacent parts of the Owyhee Plateau northeast of McDermitt,
Nev. (fig. 1). Terrain in the study area is generally flat to gent-
ly rolling, rising gradually from approximately 5,600 ft in the
north to more than 6,400 ft in the southwest corner and at
Horse Hill, near the center of the study area. Canyons cut by
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Figure 1. Index map showing location of Upper West Little Owyhee Wilderness Study Area, Malheur County, Oregon.
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molybdenum (5 ppm). This area is underlain largely, but not
exclusively, by the Swisher Mountain Tuff. The area may be
a product of weak epithermal alteration associated with the
Twin Butte basalt vent 1 mi southeast of the study area.

Low concentrations of silver (0.2 ppm) were found in basalt
in a small area on the south flank of Horse Hill by the U.S.
Bureau of Mines (Linne, 1987). This concentration of silver
is twice the average abundance in basalt (Vinogradov, 1962)
and is considered anomalous in this report. Analysis of the
USGS stream-sediment sample of the area did not detect sil-
ver because the lower limit of detection is 0.5 ppm.

The concentrations of arsenic, bismuth, cadmium, an-
timony, mercury, molybdenum, and silver cited above are
anomalous for the Swisher Mountain Tuff and basalt flows,
but are not much higher than crustal abundances for these ele-
ments (antimony, Miller, 1973; arsenic, Gualtieri, 1973; bis-
muth, Hasler and others, 1973; cadmium, Wedow, 1973,
mercury, Bailey and others, 1973; molybdenum, King and
others, 1973; silver, Vinogradov, 1962).

The arsenic-mercury-antimony-silver element suite found
in the western part of the study area suggests the occurrence
of weak epithermal alteration processes, although broad zones
of epithermally altered rocks were not found during this study.
Devitrification and perlitification, common in many ash-flow
tuffs, is widespread in the Swisher Mountain Tuff. These
processes and vapor-phase recrystallization may have released
minor elements for redistribution by weak hydrothermal sys-
tems that could have resulted from cooling of the welded tuff
or from basalt volcanism at Horse Hill, Summit 6518, and
Twin Buttes.

The anomalies reported by Gray and others (1983) and by
Bukofski and others (1984) were not confirmed by this study
at current U.S. Geological Survey levels of detection. The
concentrations they report as anomalous for beryllium, cop-
per, gold, manganese, nickel, silver, tungsten, uranium, and
zinc are low and generally approximate crustal abundance.
Their data suggest that most of the rocks of the study area have
lower than average concentrations of these elements for the
rock types present. If their data are indeed anomalous, they
are largely consistent with a model of weak alteration as-
sociated with the basalt vents of the study area and vicinity.

Geophysical Studies

Gravity, aecromagnetic, aerial gamma-ray, and remote sens-
ing studies were undertaken as part of the mineral resource
evaluation of the study area. The geophysical data provide in-
formation on subsurface distribution of rock masses and the
structural framework.

Aerial gamma-ray data were compiled by Geodata Interna-
tional, Inc. (1980) for the National Uranium Resource Evalua-
tion (NURE) program of the Department of Energy. The
coverage consists of five east-west flightlines at 3-mi intervals

and one north-south flightline. The flightlines total about 43
mi in length. Flight altitudes ranged from 250 to 600 ft above
the ground. Recordings were made of gamma-ray flux from
radioactive isotopes of uranium, thorium, and potassium.
Count rates show a strong correlation with the geology
mapped by Walker and Repenning (1966). Count rates for all
three isotopes were low over basalt flows and moderately high
over rocks mapped as welded tuff, rhyolite flows, and dacite
flows, with abrupt changes where the basalt is in contact with
the other rock units. No site within the study area had count
rates above the regional background level. Although no lines
were flown over the basalt vent at Horse Hill, count rates for
the vent area arc expected to be low because basalt elsewhere
in the area showed low counts.

A regional aeromagnetic survey was flown over the study
area at a constant barometric elevation of 9,000 ft above sea
level and a flightline spacing of 2 mi (U.S. Geological Survey,
1972). The low intensities of magnetic anomalies reflect a
combination of low rock magnetization in the study area and
high flight altitudes, averaging about 3,000 ft above the
ground. The most conspicuous magnetic anomaly is a north-
west-trending magnetic ridge along a line between Horse Hill
and Twin Butte, 1 mi southeast of the study area. A local high
is centered at the mafic vent at Twin Butte. A crest along the
magnetic ridge is centered about 4 mi northwest of the vent at
Horse Hill. Another magnetic ridge extends northeastward
from Horse Hill. The complex magnetic highs may reflect
apices of concealed Cenozoic intrusions. A northwest-trend-
ing magnetic trough includes local lows centered near the
southwest and southeast corners of the study area. The mag-
netic lows may reflect underlying rocks with reversed mag-
netization, or rocks of low magnetization between rocks of
higher magnetization.

The U.S. Geological Survey established 34 gravity stations
within 3 mi of the border of the study area in 1986 (Plouff,
1987). These data were supplemented by data at three stations
obtained from the National Geophysical Data Center (1984).
Only two stations are located in the study area, and no stations
are located along the west edge of the study area. A prelimi-
nary gravity map prepared from these widely spaced stations
shows east-trending gravity contours that decrease southward
about 13 milligals in 8 mi across the southern half of the study
area and a small gravity high centered about 2 mi east and 4
mi south of the northern tip of the study area. A poorly defined
gravity low near the southwest corner of the study area may
coincide with the source of a magnetic low.

Linear features in Landsat multispectral scanner (MSS) im-
ages at the scale of 1:800,000 were mapped by photogeologic
means for southeastern Oregon, and trend-concentration maps
were made. Linear features are the topographic and spectral
expression of rock fracture patterns and other structural and
lithologic lineaments. This expression can be enhanced or
subdued by scanner resolution, sun orientation, atmospheric
phenomena, and vegetation. Analyses of linear features in
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conjunction with geologic and geophysical maps may reveal
relations such as fracture control of mineralized areas.

Linear features of many orientations are generally well ex-
pressed on the surface in southeastern Oregon in terrains not
underlain by volcanic rocks. Some areas have joint systems
that are locally related to faults. Trend-concentration maps in-
dicate that no concentration of linear features is expressed at
the surface of the study area because the area is underlain by
volcanic rocks. Two major concentrations lie to the northwest
and southeast of the study area and consist of north-northeast-
trending linear features with azimuths in the range N. 5°-35°
E.

Mineral and Energy Resource Potential

Geologic and geochemical data indicate that the Upper
West Little Owyhee Wilderness Study Area has low resource
potential for mercury and silver-mercury deposits witha Ccer-
tainty level. The resource potential for petroleum and natural
gas is low with a B certainty level.

The investigations by the U.S. Geological Survey indicate
that there is low mineral resource potential for mercury in the
western part of the study area (fig. 2). This potential is indi-
cated by somewhat anomalous concentrations of mercury, ar-
senic, cadmium, and antimony. A certainty level of C is
assigned because the highest concentrations of mercury in
stream-sediment and rock samples are not much greater than
occur in ordinary volcanic rocks (Bailey, 1973), and no zones
of altered rock were found in the well-exposed formations in
the study area.

A low mineral resource potential for silver and mercury oc-
curs in a small area in the central part of the study area on the
south flank of Horse Hill. The low potential is indicated by the
previously mentioned geochemical anomalies and by the
slightly anomalous silver concentrations reported by Gray and
others (1983) and Bukofski and others (1984). A certainty
level of C is assigned because the highest concentrations of
both metals are only slightly above their crustal abundances,
the area of the anomaly is small (1.5 miz), and no zones of
visibly altered rock were found.

Slightly anomalous concentrations of antimony, arsenic,
bismuth, cadmium, and molybdenum in stream-sediment and
rock samples may indicate weak epithermal alteration and
possible mineralization. These elements can be indicative of
gold, silver, and other metal deposits, but by themselves do
not constitute potential resources.

Anomalous concentrations of tin (greater than 2,000 ppm)
in panned concentrates occur in a few scattered drainages in
amounts typical of silicic volcanic rocks such as the Swisher
Mountain Tuff. Some of the tin is from drainages underlain
by the Swisher Mountain Tuff. Tin also occurs in drainages
largely underlain by basalt. In these areas the tin may have
been hydrothermally redistributed from the Swisher Mountain

Tuff or brought into the drainages in eolian deposits. The

study area is judged to contain no potential for tin resources,
certainty level D.

Wells were drilled for oil and gas 95 mi northeast of the
study area in the western Snake River basin of Oregon and
Idaho. Study of these wells and the regional geology led New-
ton and Corcoran (1963) to conclude that the depositional en-
vironments of the Snake River basin resemble other
nonmarine basins that produce oil and gas and that hydrocar-
bons formed there during the late Miocene and early Pliocene.
Late Miocene and early Pliocene time in the study area,
however, was characterized by volcanism. Warner (1980)
suggested that southeastern Oregon is underlain by Mesozoic
and Tertiary rocks that contain potential source material for
petroleum. However, pre-Tertiary rocks exposed in the region
at South Mountain in Idaho and the Pueblo Mountains in
Nevada and Oregon are metasedimentary and metavolcanic
rocks that would not be good potential petroleum sources.
During this study no surficial evidence was found that indi-
cates the presence of hydrocarbons at depth. Any potential
hydrocarbon reservoirs that might be present beneath the
Swisher Mountain Tuff probably would have to be located by
seismic surveys. Although itis likely that heat from volcanism
in the area would have driven off any hydrocarbons, hydrocar-
bon concentrations below the Swisher Mountain Tuff cannot
be ruled out. Fouch (1983) estimated the oil and gas potential
of the study area to be low. Available geological and geo-
physical information indicates that the likelihood for occur-
rence of oil and gas within the study area is remote; for the
purpose of this study the resource potential for oil and gas is
considered low, certainty level B, for the entire study area.

No geothermal resources were found in or adjacent to the
study area. The study area lies between areas of warm springs
in the Owyhee Canyon near Three Forks, 26 mi northeast
(Evans and others, 1987), and near McDermitt, 12 mi to the
southwest (Muffler, 1978). Although the study area is in a
region characterized by young silicic volcanic rocks, some
parts of which offer likely geologic settings for magmatic heat
reservoirs (MacLeod and others, 1976), the magma source of
the Swisher Mountain Tuff is possibly in Idaho 35 mi north-
east of the study area (Evans and others, 1987). The Swisher
Mountain Tuff is of middle Miocene age and has probably
cooled to ambient temperatures. The warm springs near Three
Forks may be a result of young basalt volcanism. The study
area, however, lacks extensive late Tertiary to Quaternary vol-
canism. The small basalt vents in and adjacent to the study
area (Horse Hill, Summit 6518, Twin Buttes) have most like-
ly cooled to ambient temperatures since Late Miocene to Early
Pliocene. Therefore, there is no potential for geothermal
resources in the study area with a certainty of D.
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DEFINITION OF LEVELS OF MINERAL RESOURCE POTENTIAL
AND CERTAINTY OF ASSESSMENT

LEVELS OF RESOURCE POTENTIAL

H

HIGH mineral resource potential is assigned to areas where geologic, geochemical, and geophysical char-
acteristics indicate a geologic environment favorable for resource occurrence, where interpretations of data
indicate a high degree of likelihood for resource accumulation, where data support mineral-deposit models
indicating presence of resources, and where evidence indicates that mineral concentration has taken place.
Assignment of high resource potential to an area requires some positive knowledge that mineral-forming processes
have been active in at least part of the area.

MODERATE mineral resource potential is assigned to areas where geologic, geochemical, and geophysical
characteristics indicate a geologic environment favorable for resource occurrence, where interpretations of data
indicate reasonable likelihood for resource accumulation, and (or) where an application of mineral-deposit models
indicates favorable ground for the specified type(s) of deposits.

LOW mineral resource potential is assigned to areas where geologic, geochemical, and geophysical characteristics
define a geologic environment in which the existence of resources is permissive. This broad category embraces
areas with dispersed but insignificantly mineralized rock, as well as areas with little or no indication of having
been mineralized.

NO mineral resource potential is a category reserved for a specific type of resource in a well-defined area.
UNKNOWN mineral resource potential is assigned to areas where information is inadequate to assign a low,
moderate, or high level of resource potential.

LEVELS OF CERTAINTY

onNw>

Available information is not adequate for determination of the level of mineral resource potential.
Available information only suggests the level of mineral resource potential.

Available information gives a good indication of the level of mineral resource potential.
Available information clearly defines the level of mineral resource potential.

A B C D
U/A H/B H/C H/D
HIGH POTENTIAL HIGH POTENTIAL HIGH POTENTIAL

—
é M/B M/C M/D
é MODERATE POTENTIAL | MODERATE POTENTIAL] MODERATE POTENTIAL
9 UNKNOWN POTENTIAL
g L/B L/C L/D
]
(@) LOW POTENTIAL LOW POTENTIAL LOW POTENTIAL
i
[+'4
3 N/D
—
s NO POTENTIAL
wl
—

LEVEL OF CERTAINTY ——»

Abstracted with minor modifications from:

Taylor, R.B., and Steven, T.A., 1983, Definition of mineral resource potential: Economic Geology, v. 78, no. 6, p. 1268-1270.

Taylor, R.B., Stoneman, R.J., and Marsh, S.P., 1984, An assessment of the mineral resource potential of the San Isabel National Forest, south-central Colorado: U.S.
Geological Survey Bulletin 1638, p. 40-42.

Goudarzi, G.H., compiler, 1984, Guide to preparation of mineral survey repors on public lands: U.S. Geological Survey Open-File Report 84-0787, p. 7, 8.
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RESOURCE/RESERVE CLASSIFICATION
IDENTIFIED RESOURCES UNDISCOVERED RESOURCES
Demonstrated Probability Range
Inferred
Measured | Indicated Hypothetical Speculative
! Inferred !
ECONOMIC Reserves Reszr:ves
| |
T T ferred | o
MARGINALLY Marginal ,\;‘a‘r’gﬁa,
ECONOMIC Reserves Reserves
- v _ I
SUB Demor;strated Inferred !
- Subeconomic Subeconomic
ECONOMIC Resources Resources !
1 |

Major elements of mineral resource classification, excluding reserve base and inferred reserve base. Modified from McKelvey, V.E., 1972, Mineral
resource estimates and public policy: American Scientist, v. 60, p. 32-40; and U.S. Bureau of Mines and U.S. Geological Survey, 1980, Principles

of a resource/reserve classification for minerals: U.S. Geological Survey Circular 831, p. 5.

Mineral Resources of Upper West Little Owyhee Wilderness Study Area, Malheur County, Oregon H13



GEOLOGIC TIME CHART

Terms and boundary ages used by the U.S.

Geological Survey in this report

AGE ESTIMATES OF

EON ERA PERIOD EPOCH BOUNDARIES (in Ma)
Holocene
Quaternary - 0.010
Pleistocene 17
Neogene Pliocene 5
Cenozoic Subperiod Miocene 24
Terti i
ertiary Paleogene Oligocene 38
Subperiod Eocene 55
Paleocene 66
Late
Cret; —
retaceous Early 96
138
Late
Mesozoic Jurassic Middle
Early
205
Late
Triassic Middle
Earl
Y ~240
Permi Late
Phanerozoic ermian Early
290
Late
Pennsylvanian Middle
Carboniferous
Early
Periods ~330
Mississippian Late
Early
360
Late
Devonian Middle
Paleozoic Early
410
Late
Silurian Middle
Early
435
Late
Ordovician Middle
Early
500
Late
Cambrian Middle
Early
_ 1~570
Late Proterozoic
Proterozoic Middie P, i o
EI ; eP fotefozc.nc 1600
alfyt ;\ote;ozonc 2500
o i o
Archean [gde Afchean 3400
Early Archean
------------------------------------------- (38000~ - - - = e - e e oo -
pre-Archean?
4550

'Rocks older than 570 Ma also called Precambrian, a time term without specific rank.

%informal time term without specific rank.
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